Heimler syndrome (HS) is a rare recessive disorder characterized by sensorineural hearing loss (SNHL), amelogenesis imperfecta, nail abnormalities, and occasional or late-onset retinal pigmentation. It is the mildest form known to date of peroxisome biogenesis disorder caused by hypomorphic mutations of PEX1 and PEX6 genes.
We report on a second Moroccan family with Heimler syndrome with early onset, severe visual impairment and important phenotypic overlap with Usher syndrome.
The patient carried a novel homozygous missense variant c.3140T>C (p.Leu1047Pro) of PEX1 gene. As standard biochemical screening of blood for evidence of a peroxisomal disorder did not provide a diagnosis in the individuals with HS, patients with SNHL and retinal pigmentation should have mutation analysis of PEX1 and PEX6 genes.
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Introduction
Heimler syndrome (OMIM: 234580) was first reported in 1991 in two siblings of a healthy non-consanguineous couple with sensorineural hearing loss (SNHL), enamel hypoplasia, and nail abnormalities (Heimler et al., 1991) . Subsequent reports confirmed the phenotypic features of the condition (Tischkowitz et al., 1999; Pollak et al., 2003; Ong et al., 2006) . In a follow up assessment of the originally described case macular dystrophy and retinal pigmentation were noted (Lima et al., 2011) .
Using a whole exome sequencing approach, we recently identified biallelic mutations in the PEX1 and PEX6 genes in six families with Heimler syndrome. Each family was characterised by at least one hypomorphic allele that results in mild peroxisomal dysfunction (Ratbi et al., 2015) . These findings define Heimler syndrome as the mildest form of peroxisome biogenesis disorder (PBD). Here we report the clinical and molecular data of a second Moroccan family with Heimler syndrome with early onset, severe visual impairment and important phenotypic overlap with Usher syndrome (OMIM: 276901).
Clinical report
We investigated a thirteen year old girl years old girl of Moroccan origin, the third child of a healthy consanguineous couple (first cousins). Her siblings were unaffected. She presented with bilateral severe SNHL at eight months confirmed on auditory evoked potential measurement. This resulted in an inability to acquire showed bilateral cystoid macular edema with a macular central thickness of 506 µm on the right and 507 µm on the left (normal is 330 µm) ( Fig. 1c ). She was treated with acetazolamide 250 mg for two weeks, without any significant amelioration of the macular edema. Subsequent treatments with intravitreal triamcinolone acetonid and intravitreal anti-VEGF (ranibizumab) did not lead to resolution of the edema. Dental examination and orthopantogram showed hypoplastic teeth and amelogenesis imperfecta with a yellow-brownish coloration, rough square-shaped crowns, and lack of contact between adjacent teeth. She had severe caries affecting the secondary dentition, whereas her primary dentition was normal (Fig. 2) . She did not have any nail defects, neurological symptoms or other health problems.
In the light of our recent description of visual phenotypes in many patients with Heimler syndrome (Ratbi et al., 2015) , and the features of amelogenesis imperfecta and SNHL, we considered this diagnosis. Blood samples from the proband and her parents were collected after written informed consent (UK NHS Ethics Reference 11/H1003/3). DNA was isolated using standard techniques (Miller et al., 1988) . and PEX6 was undertaken by complete Sanger sequence analysis (details available on application). This led to the identification of a novel homozygous missense variant c.3140T>C (p.Leu1047Pro) in PEX1 (Accession number : 0000116002). Sequencing of PEX6 was normal. Both parents were heterozygous for the variant (Fig.3a ; Fig.   3b ). The novel variant was not present in in-house databases of >800 exomes, including 40 Moroccan exomes nor in public databases namely the 1,000 genome database, the Exome Variant Server and the Exome Aggregation Consortium. The leucine at position 1047 is highly conserved. In silico prediction programmes MutationTaster, SIFT and Polyphen-2 considered that the variant was pathogenic. and rhizomelic chondrodysplasia punctata (OMIM: 215100), which is not necessarily more slowly progressive than Zellweger (Zeharia et al., 2007; Regal et al., 2010; Ebberink et al., 2011) . These conditions are characterized by a wide phenotypic pleiotropy, including leukodystrophy, developmental delay, seizures, peripheral neuropathy, SNHL, retinopathy, skeletal and craniofacial abnormalities and other organ damage (liver, heart, kidneys) (Braverman et al., 2013) . Clinical manifestations are variable from severe, early-childhood lethal Zellweger syndrome to milder more slowly progressive phenotypes in rhizomelic chondroplasia punctata (Motley et al., 2002; Ebberink et al., 2011) . Recently, we defined Heimler syndrome, a rare Elevation of C26:0 and C26:1 and the ratios C24/C22 and C26/C22 are consistent with a defect in peroxisomal fatty acid metabolism. The degree of VLCFA plasma concentration elevation may vary, with a small percentage of individuals demonstrating only modest increases (Wanders et al., 2005) . Where screening analyses of blood have been undertaken biochemical evidence of a PBD has been lacking in patients with Heimler syndrome (Ratbi et al., 2015) .
Discussion
In this study, we report the identification of a novel homozygous missense variant c.3140T>C (p.Leu1047Pro) of PEX1 in a girl with Heimler syndrome. In three previously reported caucasian families with Heimler syndrome due to PEX1 mutations, compound heterozygosity for a previously reported loss of function and a novel missense PEX1 variant was described (Ratbi et al., 2015) (Fig 3b) . The patient reported here was homozygous for a novel hypomorphic PEX1 allele similar to that reported in another Moroccan family PEX1 (p.Trp1250*).
The features of SNHL and retinitis pigmentosa, overlap with the heterogeneous disorder Usher syndrome (OMIM: 276900). Although amelogenesis imperfecta discriminates between the two conditions this does not become apparent until the eruption of the secondary dentition. Retinal pigmentation is an inconsistent feature of Because of the SNHL and retinal pigmentation, Heimler syndrome is an important differential diagnosis for Usher syndrome. As standard biochemical screening of blood for evidence of a peroxisomal disorder does not provide a diagnosis in Heimler syndrome (Ratbi et al., 2015) , patients with SNHL and retinal pigmentation should have mutation analysis of PEX1 and PEX6.
In summary, we report the second Moroccan case of Heimler syndrome due to hypomorphic PEX1 variants. The severe ocular features of retinal pigmentation and macular dystrophy with SNHL indicate that Heimler syndrome is a major differential diagnosis of Usher syndrome. Here genetic testing allowed us to provide an accurate diagnosis and precise genetic counseling to the family. were indicated with green frame (Ratbi et al., 2015) . The mutation identified in this study was indicated with red frame.
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